The aim of the present study is to assess the efficacy of the methods used in a HACCP system by measuring the Total Viable Count (TVC) and Coliforms, after cleaning and disinfecting the surfaces used and also by monitoring TVC and enterobacteriaceae of hot and cold meals. In order to evaluate the appropriateness of the surfaces used, samples were obtained from kitchens of 37 Greek hotels/resorts, all of which operated a documented HACCP safety management scheme, while the samples of hot and cold meals were selected from the menu of a catering unit and collected from the actual point of hot and cold dishes banquette at the start time (time 0) and after 4 hours. The developed colonies were counted. The results showed that only 13.5% of the hotels presented surfaces without any TVC or coliforms and 86.5% of the hotels had surfaces with TVC or coliforms or both above the limits. However, 75.8% of the total surfaces examined were acceptable for TVC and 81.9% of the surfaces examined were coliforms. Our microbiological monitoring of food showed that the TVC content of hot meal samples after 4 hours of display (above 60˚C) was not significantly different from the TVC content of the aforementioned samples at time 0, while in cold meals TVC and enterobacteriaceae content had significantly risen after 4 hours of display (below 5˚C).Conclusively, insufficient application of disinfection and ineffective surface and equipment cleaning programs were found. Additionally, cold meals are more vulnerable than hot meals in developing TVC and enterobacteriaceae.
Introduction
The Greek law 487 [1] that came into force in 2000 and the European law 852/2004 (EC Regulation 852/2004) [2] require that all food business, except those involved in primary production, implement Good Hygienic Practice (GHP) in combination with Hazard Analysis and Critical Control Point (HACCP) system. Implementation of HA-CCP, includes the implementation of the Pre-requisite Programs (PRPs) [3, 4] . According to ISO22000:2005 [4] , PRPs are the basic conditions and activities which are essential for the maintenance of a suitable and healthy environment in the various stages of foods production and for the handling and supplying of safe products and foods which are intended for human consumption. Some of the PRPs needed for the implementation of HACCP are the infrastructure, the training of the personnel, Good Hygienic Practice (GHP) and Good Manufacture Practice (GMP) [2, 5, 6] .
The aim of this study was to determine whether GHP and GMP were being applied adequately by measuring the TVC and Coliform content of surfaces used in kitchens of 37 Greek hotels/resorts and also by measuring the TVC and Enterobacteriaceae content of hot and cold meals of a catering unit which served 300 meals per day [7, 8] . Parameters such as, the accurate implementation of the cleaning programs, the disinfection of the kitchens, personal hygiene, proper handling of food ingredients and the correct implementation of heating processes as well, are the essential prerequisites for satisfactory implementation of HACCP that ensures the safety of produced food [3] .
In our study, hot meals stand for the foodstuffs that have been under thermal processing and are preserved above 60˚C, while cold meals describes foodstuffs in refrigerated displays below 5˚C. The presence of Coliforms and Enterobacteriaceae are factors of food quality and signs of unhygienic conditions or insufficient implementation of GHP during or after food production. Also, the detection of Coliforms and Enterobacteriaceae make possible the presence of pathogenic bacteria. By counting Coliforms and Enterobacteriaceae, the quality of food and quality of used practices may also be evaluated [9, 10] . The efficacy of the applied GHP and GMP was assessed by measuring the Total Viable Count (TVC) and Coliforms after the cleaning and disinfection of the surfaces and by measuring the TVC and Enterobacteriaceae content in both hot and cold meals after 4 hours of display.
Materials and Methods

Materials
In the present study, ready sterilized contact plates, "Envirocheck Contact C, 1.02136.0001" (Merck, Germany) were used, for surfaces analysis [11] . The exceptional feature of these particular contact plates, is its double surface, as each surface has a different constitution of substrate. One side (Side 1), contains the "Plate Count Agar", which is a substrate suitable for the isolation and measurement of TVC [12] while the other side (Side 2) contains the "Chromocult-Coliform Agar", which is suitable for the isolation and measurement of Coliforms [11] . For sampling of cold and hot meals, the temperatures of the samples during the display were recorded with a digital thermometer (Ebro Electronics GmbH & Co., Kologne, Germany). A portable refrigerator was used for the transportation of the samples to the laboratory, whilst utilizing a digital thermometer (Ebro Electronics GmbH & Co., Kologne, Germany), to maintain temperature at 2˚C -4˚C [11] . The samples were incubated in a furnace, operating at 37˚C ± 1˚C [12] . Also, in order to count the colonies developed on the sterilized contact plates, a meter of colonies (Bibby Sterilin Ltd., UK), was used. For the analysis of Enterobacteriaceae, contact plates with Violet Red Bile Glucose Agar (Bibby Sterilin Ltd., UK) were used.
Samples Collection and Preparation
All experimental work was carried out in Laboratories of food and drinks, Analysis and Testings, "APPERT", including the collection, treatment, registration and analysis of all samples. The first step was the collection of samples from various surfaces, of the kitchens of the hotels/resorts and their transfer in portable refrigerators, to the laboratories, for analysis. Ready sterilized contact plates of Merck "Envirocheck Contact C, 1.02136.0001" were used [11] . All samples were taken aseptically from the kitchen's surface. With great caution, the protective cover was opened and the contact plate was carefully removed and placed on the surface sample and the edges of the contact plate were gently pressed with two fingers, so that it applied well to the examination surface [11] . For food sampling, at the start and at the end of the 4 hours long display period, food samples were taken from the display areas using aseptic tools and stored in sterile food containers.
At each sampling of either surfaces or food, three replicate samples were obtained and all results are given as mean values ± standard deviation (95% confidence levels). At the end of all sample collections, samples were placed into a portable refrigerator, containing ice chests and transported to the laboratory for analysis. The temperature was maintained at 2˚C -4˚C [11] . At the laboratory, the samples were registered, coded and incubated at 37˚C for either 24 or 48 hours.
Methods
TVC analysis: following the 48 hour incubation, the colonies that had developed, were counted on each side of the contact plate, separately, using a meter of colonies (Bibby Sterilin Ltd. UK). Consequently, all the white colonies on the one side (Side 1) and all the red colonies on the other side (Side 2) were counted, with the help and comparison of Merck protocol [10, 11] . The method used for the detection and numeration of TVC was semiquantitative.
Coliforms' analysis: the method used was based on the detection of the enzyme β-galactosidase which is characteristic for this group, with the help of chromogen substrate 6-chloro-3-indoxyl-3β-D-galactopyranoside (SAL-MON-GAL). The hydrolysis of this substrate, by β-galactosidase, produces chromogen complex which shapes the characteristic red colonies [11] .
Enterobacteriaceae's analysis: contact plates with Violet Red Bile Glucose Agar were incubated at 37˚C ± 1˚C for 24 hours. Pink to red or purple colonies, with or without precipitation zones, were confirmed as Enterobacteriaceae, after subculturing selected colonies onto Nutrient agar plates, with oxidase test (negative result) and fermentation of glucose (positive result). The analytical method was according to ISO 21528-2:2004 [12] and ISO 18593:2004 [13] .
HACCP and sampling took place only when all the procedures of cleaning and disinfection had been completed. Working surfaces and cutting boards, were checked. The results are given as: the number of total surfaces that have been checked in each hotel, how many of the total surfaces were found to be completely clean, the number of surfaces with TVC and coliforms above the limits and finally the number of surfaces with only coliforms above the limits (Figure 1) .
The limit for TVC-coliforms was 12 cfu·cm −2 and for coliforms was 1 cfu·cm −2 [14, 15] . As shown in Figure 1 , hotels may be separated in two categories. Those which had all clean surfaces and presented acceptable results and those which had some surfaces out of limits. Five of the hotels belong to first category and the rest to the second one. This fact means that only 13.5% of the hotels presented surfaces without any TVC or coliforms and 86.5% of the hotels had surfaces with either TVC or coliforms or both above the limits. The second part of this study was to separate and check the surfaces depending on the kind of the food, which it came into contact with. Three kinds of foods were used: the readyto-eat, the non-ready-to-eat and general foods. The first category includes foods which do not need any kind of thermal treatment such as fruits, vegetables, salads, cheeses, deserts and foods that have already been cooked [16] . The second category [16] includes raw foods which need treatment, such as cooking, and includes mostly meats. The third category is used for the surfaces that we did not know exactly the kind of food that they came into contact with or which were used for foods from both of the categories, mentioned above.
Regarding the results of Table 1 , overall 75.8% of the total surfaces examined were acceptable for TVC and 81.9% of the surfaces examined were coliforms. 72.5% of the surfaces which came into contact with ready-to-eat foods and 77.8% of those which came into contact with non-ready-to-eat foods were found acceptable for TVC. 
(n = 15)
(n = 80)
Additionally, 80% of the surfaces used for general foods were also acceptable for TVC. The percentage of acceptable surfaces for coliforms was found to be higher for all three categories of foods than the corresponding percentage for TVC. Specifically, 78.2% of the surfaces which came into contact with ready-to-eat foods, 84.9% of those which came in contact with non-ready-to-eat foods and 85.7% of the surfaces used for general foods, were acceptable for coliforms.
According to the results, it was observed that there were more surfaces which came into contact with readyto-eat foods which were above the limits, both for TVC and coliforms, than for the surfaces which came into contact with non-ready-to-eat foods. A great deal of attention should be paid to this fact, because the ready-toeat foods will not undergo any thermal treatment, so the microorganisms will remain on the food and could potentially cause problems to the consumers. A possible explanation for these results is that the handlers of these types of food, such as fruits and vegetables, may consider themselves as harmless and they neglect to wash the surfaces that they came into contact with, according to GHP. So, some food cross-contamination is possible while food is being handled on these surfaces. The high percentage of the not acceptable surfaces for the non-readyto-eat foods, suggests that in one or more stages of the production or the preparation of these foods, the disinfection and hygiene programs were insufficient.
The presence of TVC or coliforms is the result of the insufficient implementation of GHP and HACCP [17] . However, the quality of foods is dependant upon the sufficient implementation of HACCP and also GHP [18] in both the preparation and processing procedures. The insufficient application of these programs reduces the quality and the safety of the food [19] and increases the possibility of food-borne outbreaks [20] .
The hotels, in which a high number of not acceptable surfaces were found, were recommended to improve the effectiveness of cleaning and disinfection programs of surfaces and equipment, which already existed by following exactly the instructions given by the adviser who initially implemented HACCP system, in their business. Given that the training and the education of the personnel and also the application of HACCP, constitute a legal requirement of Greek legislation [1] , the results of our study, showed the insufficient and wrong application of disinfection and cleaning programs of surfaces and equipment during the food treatment. Also, they confirm the needs for immediate training and education of personnel in GHP, which lead to the correct implementation of HACCP and also for the evaluation of the efficacy of these training programs.
The third part of our study focused on the microbiological monitoring of cold and hot meals. As a hot meal, cooked burgers were chosen and the levels of TVC were screened in 12 samplings at times 0 h (start of serving) and 4 h (end of serving) ( Table 2) . TVC data were in the range of 1.00 to 1.48 (log 10 cfu/g) at time 0 h whereas after 4 hours of display, values of TVC were found in the range of 1.00 to 1.70 (log 10 cfu/g). For all measurements, the increase in TVC was lower than 0.2 log 10 cfu/g. Only one quarter of the readings showed an (non statistically significant) increase in the value of TVC. In the other three quarters of readings, no difference was observed. Provided that sufficient cooking had taken place, the display of the cooked burgers above 60˚C for four hours did not increase the TVC content of this food.
To assess the microbiological content of cold meals, a lettuce salad and a potato salad were chosen. In these cases, the display period was again for 4 hours this time at a temperature below 5˚C.
For the lettuce salad (Table 3) , the levels of TVC increased with statistical significance in 33.3% of samplings after the 4 hour long display. The maximum levels of TVC recorded were 7.60 log 10 cfu/g at time 0 h and 7.95 log 10 cfu/g at time 4 h. Similarly, Enterobacteriaceae levels increased with statistical significance in 33.3% of samplings after the 4 hour long display. The maximum levels of Enterobacteriaceae recorded were 4.66 log 10 cfu/g at time 0 h and 4.84 log 10 cfu/g at time 4 h. For the potato salad ( Table 4) , TVC increased with statistical significance in 8.3% of samplings after the 4 hour long display. The maximum levels of TVC recorded were 6.57 log 10 cfu/g at time 0 h and 6.46 log 10 cfu/g at time 4 h. Similarly, Enterobacteriaceae levels increased with statistical significance in 8.3% of samplings after the 4 hour long display. The maximum levels of Enterobacteriaceae recorded were 3.40 log 10 cfu/g at time 0 h and 3.40 log 10 cfu/g at time 4 h. These results could be explained on the basis of an antagonism that takes place between native food microflora and human pathogens in fresh produce [21] . This native microflora, that constitutes of Pseudomonas spp., lactic acid bacteria and yeasts, competes with pathogens and it has been suggested that all these strains have an important role on maintaining the pathogens' numbers at safe levels [21] [22] [23] . In the case of fresh foods, a food with high levels of microflora (in the range of 5 -6 log 10 cfu/g) is less probable to allow the proliferation of pathogen microorganisms than a food (e.g. processed food) with lower levels of microflora (less than 3 log 10 cfu/g) [24] .
Conclusion
Our results suggest that the application of GHP and HACCP monitoring procedures should be improved in a number of hotel and catering units in Greece. Particular attention should be given to training programs and the evaluation of these. Given that tourism and catering industry in Greece usually employs personnel on a temporary basis and new personnel is employed at the start of each season, the insufficient training and subsequent application of disinfection and cleaning programs, reported here, should be rather alarming for the Greek food controlling authorities. However, during, serving either cold or hot meals for 4 hours, the numbers of TVC and Enterobacteriaceae have shown a statistically significant increase in 33.3% of cases in lettuce but this result could be considered as a strong suggestion that the legislative duration of 4 h display is sufficient to maintain satisfactory safety levels in both cold and hot meals.
